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INTRODUCTION

26
Most cases of invasive aspergillosis are caused by Aspergillus fumigatus, 27 whose conidia are ubiquitous in outdoor and in hospital air (4, 15, 24) . Invasive 28 aspergillosis occurs when airborne conidia invade exposed tissue, particularly the 29 lungs and surgical wounds. 30
The presence of activities such as construction work in or near the hospital 31
correlates with an increase in the number of new cases of invasive aspergillosis 32 (30). Conversely, the implementation of procedures to minimize airborne spore 33 loads correlates with a decrease in the incidence of invasive aspergillosis (7). 34
However, in order to demonstrate that airborne conidia are infecting or colonizing 35 patients, both environmental and clinical isolates must be genotyped. 36
Previous studies have shown high genotypic diversity of A. fumigatus in the 37 air. However, these studies are limited by the use of typing tools with low 38 reproducibility, analysis of genotypic variability limited to samples from the air, and 39 genotyping of clinical or environmental isolates but rarely both (19) (20) (21) (22) 31 ). Short 40 tandem repeats procedures are featured by a high reproducibility, and an easy 41 analysis of the results. 42
We recently reported an outbreak of invasive aspergillosis in the major heart 43 surgery unit of our hospital coinciding with periods of construction work nearby 44 (23). In the outbreak, 6 of the patients involved were infected by A. fumigatus. In 45 this period, we collected environmental air samples from the unit and 46 demonstrated that high counts of Aspergillus conidia in air correlated with the 47 appearance of new cases of invasive aspergillosis. We used a recently developed 48 highly discriminatory and reproducible typing tool, short tandem repeats of A. 49 of genotypes were excluded from the analysis. Typing data were imported into 100 BioNumerics 6.0.1 software (Applied Maths, Sint-Martens-Latem, Belgium) and 101 analyzed using the multistate categorical similarity coefficient. Genotypic diversity 102 was represented graphically using a minimum spanning tree. 103
Genotypic variability. Environmental and clinical matches. We studied the 104 number of different environmental and clinical genotypes found in the air and 105 clinical samples collected. To study genotypic variability, we selected only those 106 strains isolated from the unit during the outbreak. Furthermore, to study intra-107 sample variability, we selected only those environmental or clinical samples from 108 which 2 or more A. fumigatus colonies were isolated. 109
To study the genotypic diversity of A. fumigatus found in the air and clinical 110 samples, we chose only 1 random colony from each sample (n=117). We 111 calculated Simpson's index of diversity (D), where N is the total number of isolates 112 in the test population, s is the total number of different genotypes described, and 113 nj is the number of isolates belonging to the jth type (25). 114 115 116
117
Genotypes were considered identical (identical alleles for all 9 loci), clonally 118 related (microvariants) (in having differences of no more than 2 repeat units in a 119 single locus), or unrelated when having a total of 3 or more repeat units difference 120 (definitions adapted from ref. (3)). Environmental and clinical isolates were 121 considered a match when identical genotypes or microvariants were found. 122 To study the number of different genotypes found in each clinical and 137 environmental sample, we selected only those samples in which 2 or more A. 138 fumigatus strains were isolated (n=36). In samples with multiple A. fumigatus 139 colonies, the probability of finding more than 1 different genotype was higher in 140 environmental samples (89%) than in clinical samples (26%). No more than 2 141 different genotypes were found in the clinical samples. In contrast, 3, 7, and 8 142 different genotypes were found in 3 of the 9 environmental samples (Table 2) . 143
Presence of matches between clinical and environmental isolates. We 144 found a match between environmental and clinical isolates in 3 patients. 145
Environmental and clinical matches were identical (patient 1 and patient 5) or 146 clonally related (patient 7) (Table 3) . who developed probable pulmonary invasive aspergillosis. AF4 and AF6 were 157 clonally related to the 2 genotypes isolated in a respiratory sample from patient 4 158 (AF3, and AF5). These 4 genotypes comprised a group of microvariants differing 159 in markers 3A or 3C by only 1 repeat unit (cluster 1 in Figure 2 ). The remaining 160 genotype found in patient 5 (AF59) matched an air genotype and was clonally 161 related to the 2 genotypes found in patient 7 (AF58, and AF60). This patient 162 developed pulmonary invasive aspergillosis and was admitted to the unit some 163 months after the discharge of patient 5. This group of genotypes comprised 164 another group of microvariants differing only in marker 2C by 1 or 2 repeat units 165 (cluster 2 in Figure 2 ). There were genotypes matching among the patients only 166
for patients 4 and 5, and for patients 5 and 7 (Figure 2 (2, 16, 27, 28) , and short tandem repeats (6, 12, 14, 26) . We observed high genotypic variability in the environmental samples. Previous 212 studies using other genotyping procedures reached the same conclusion (5, 8, 9, 213 18, 19) . Genotypic variability was higher in air than in clinical samples. A potential 214 explanation is that environmental genotypes not efficiently adapted to the host 215 tissues are not selected. It is also possible that the high number of clinical isolates 216 studied may have led us to underestimate diversity in the clinical samples. 217
However intra-sample analysis showed that, in samples containing 2 or more A. should be considered as unrelated genotypes. 253
We found that some genotypes persist in hospital air for long periods or can be 254 found in different parts of the hospital, as reported elsewhere (1, 6, 9). The 255 presence of genotypes in different parts of the hospital complicates analysis of the 256 results and should be considered a limitation of genotyping for an epidemiological 257 investigation of outbreaks of invasive aspergillosis. For example, 3 different 258 clinical genotypes were found in patient 9, who developed invasive Aspergillus 259 surgical wound infection after major heart surgery. One genotype was also found 260 during the outbreak in the air at a part of the hospital the patient had never visited, 261 suggesting that this genotype could be circulating in different parts of the hospital. 262
We cannot exclude the possibility that this genotype could have been detected in 263 the air of the unit if more environmental isolates had been included. 264
In conclusion, using refined sampling of multiple colonies and STRAf-based 265 genotyping, we were able to detect the presence of environmental matches in 3 266 patients involved in a nosocomial outbreak of invasive aspergillosis. We also 267 demonstrated high genetic diversity of A. fumigatus in the environment. Finally, 268
we observed that the presence of microvariants was common in clinical samples. 
